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In th is  paper we d iscu ss  the main c a l ib r a t io n  resu lts  o f  the r e s id e n t ia l  l o c a ­
t ion  submodel which i s  part o f  a comprehensive simulation model, now being a p ­
p l ie d  to the Turin m etropolitan  area. The th e o r e t ic a l  structure  and the procedu­
re fo r  the c a l ib r a t io n  o f  the sim ulation  model were described  at the Airo Confe­
rence in 1982.
Building upon these re su lts  we propose both the methodological and operational 
developments fo r  th is  re s id e n t ia l  lo ca t io n  submodel.
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In th is  paper we d iscu ss  the main c a l ib r a t io n  re s u lt s  o f  the r e s id e n t ia l  l o ­
ca t ion  submodel which i s  part o f  a comprehensive sim ulation  model now being ap­
p l ie d  to  the Turin m etrop o litan  area.
The th e o r e t i c a l  s tru c tu re  and the c a l ib r a t io n  procedure o f  the sim ulation  model, 
as w e l l  as some r e s u l t s  o f  s im ulation  experiments were presented at the A iro  Con 
feren ce  in  1982 (B e r tu g l ia ,  G a l l in o ,  Gualco, O c c e l l i ,  Rabino, Salomone, Tadei, 
1982a).
Here, we mainly fo cu s  on the r e s id e n t ia l  lo c a t io n  submodel, as at th is  stage , 
i t  is  thecne which c r e a te s  the most d i f f i c u l t  but most stim ulating c a l ib r a t io n  
problems both from the th e o r e t i c a l  and opera t ion a l po in ts  o f  view.
In the fo l lo w in g  s e c t io n s  the m ethodologica l and opera t ion a l d i r e c t io n s  fo r  
development o f  the submodel are put forward and the r e s u lt s  o f  the in v es t ig a  
t io n  o f  some o f  these a l te r n a t iv e s  are presented.
2. Characteristics and problems in calibrating the residential location submodel
2 .1 .  Structure o f  the r e s id e n t ia l  lo c a t io n  submodel
In order to c l a r i f y  the fo l lo w in g  d is cu ss io n ,  we r e s ta te  the a n a ly t ic a l  
s tru ctu re  o f  the r e s id e n t ia l  l o c a t io n  submodel. To s im p l i fy  the n o ta t ion  we 
omit the in d ice s  r e la t i v e  to zones ( i , j  = 1 ,9 9 ) ,  fam ily  type ( f  = 1 ,8 ) ,  hou­
sing type (s  = 1 ,6 ) ,  in d u s tr ia l  and se rv ic e  se c t ion s  ( t  = 1 ,4 ,  1 = 1)and tran 
sport mode (v  = 1 ,2 ) .  Let us de fin e







K, H, N 
TETA, CSI
A = EQ •
inverse  o f  the mean rate o f  employment o f  households;
t o t a l  number o f  households (with employed family heads);
p r o b a b i l i t y  o f  u t i l i z a t i o n  o f  transport mode;
tra v e l  c o s t s  ( tran sp orta t ion  submodel);
housing (c a lc u la te d  in the housing submodel);
land in  r e s id e n t ia l  use (c a lcu la te d  in the land use submodel)
weighting f a c t o r s ;
parameters ;
-TETA'TTPROB • e r e s id e n t ia l  a c c e s s i b i l i t y  . ( 1)
The u t i l i t y  ( r e a l  u t i l i t y )  derived by a household from the ch o ic e  o f  a r e s i ­
d e n t ia l  bundle ( r e s id e n t ia l  zone and housing type) takes the form:
U = K-A + H.AB + N-SLAO (2)
(where x i s  the normalised value o f x ) .
The expected  va lue o f  u t i l i t y  U i s  given by:
U = E U E DP OTO
Q
where
DPOTO «  Q- WTIWT
and
WT = ETPROB • e




3DPOTO i s  the rep resen ta t iv e  v a r ia b le  o f  both  the r e s id e n t ia l  and workplace lo  
ca t io n  o f  fa m i l ie s  (broken down by family t y p e ) .
Model (1 ) (5 ) i s  based on the hypothesis  that not a l l  the fa m il ie s  are l ik e ly  
to f in d  an optim al r e s id e n t ia l  l o c a t i o n :  some a tta in  a higher u t i l i t y  l e v e l  
than expected , while  others  remain below i t .
In th is  way, the model tr ies  to d escr ibe  a re a l  market, p rov id in g  a measure o f 
demand and supply d is e q u il ib r iu m  based on the d i f f e r e n c e  between the rea l  and 
the expected u t i l i t y  o f  f a m i l ie s .
A diagrammatic rep resen ta t ion  o f  model (1) -  (5 ) i s  g iven  in  f i g .  1.
DPOTO




Housing and land-use 
submodels
Figure 1 -  S tructure  o f  the r e s id e n t ia l  l o c a t i o n  submodel
4I t  can be seen that the r e s id e n t ia l  d is t r ib u t io n  o f  fa m il ie s  depends on two 
main f a c t o r s :  a s p a t ia l  fa c t o r  (d is ta n ce  fu n ct ion )  and a fa c to r  measuring fam ily 
w elfare  ( fu n c t io n  o f  the u t i l i t y  d i f f e r e n t i a l s ) .
The r e la t iv e  importance o f  these fa c to r s  and thus the l e v e l  o f  c o m p e t i t iv i -
ty which is  l i k e l y  to  e x is t  between them is  expressed by the parameters TETA 
and CSI.
In a d d it ion ,  fam ily  u t i l i t y  depends, among other fa c t o r s ,  on the r e s id e n t ia l  
a c c e s s i b i l i t y  ¿ f r o m  e q . (1 )J / ,  the exponentia l term o f  which appears a lso  in  the 
d i s t r ib u t io n  fu n c t io n  o f  DPOTO Z eqs. (4 ) -  (5) J .
2 .2 .  The c a l ib r a t i o n  procedure
The methodology f o r  the c a l ib r a t i o n  o f  the r e s id e n t ia l  l o c a t io n  submodel 
was based on the maximum l ik e l ih o o d  p r in c ip le  which is  discussed in B e r tu g l ia ,G a l -  
l i n o ,  G ualco, O c c e l l i ,  Rabino, Salomone, Tadei (1982b). According to this p r in c ip le  
two equations o f  maximum l ik e l ih o o d  f o r  TETA and CSI, FTETA and FCSI respective^ 
l y ,  were derived  and reso lved  using a Newton-Raphson estim ation  procedure.
The s o lu t io n  o f  FTETA and FCSI i s  given so lv in g  the system
-FTETA
8FTETA e 3FTETA e




e 3FCSI1 + ---------acsi
( 6)
( 7)
where FTETA and FCSI are d e fin ed  as
5obs
FTETA = C -  C (8)
FCSI = AU- AU
obs (9)




obs a re ,  r e s p e c t iv e ly ,  the p red ic ted  and observed mean co s t  fu n c t io n s ;
AU,AU°^S a re ,  r e s p e c t iv e ly ,  the pred ic ted  and observed fu n ction s  o f  the 
u t i l i t y  d i f f e r e n t i a l s .
The main fea tu re  which ch a ra cter izes  the c a l ib r a t i o n  procedure i s  that , be ­
cause o f  the above mentioned interdependence between u t i l i t y  and r e s id e n t ia l  ac­
c e s s i b i l i t y ,  i t  was necessary to  nest the Newton-Raphson scheme in  an outer i t e ­
r a t iv e  s tru ctu re  based on the Hyman procedure ( c f . :  f i g .  2 ) .
The converging formula o f  Hyman which has been used here i s :
TETA = TETA + /T(C°bS-C ) (TETA -  TETA . ) /  (C -C ) J .  (10)
m+1 m m m m-1 ' m m-l
As fa r  as the data f o r  th is  submodel c a l ib r a t i o n  are concerned, i t  was as 
sumed th a t ,  w ithout v a r ia t io n s  in  the other submodels ( s t a t i c  regim e), the model 
(1 ) -  (5) should reproduce accu rate ly  the observed d i s t r ib u t io n  o f  » 'fam ilies  
(DPOTO) ( * ) ,  in  the i n i t i a l  period  o f  sim ulation  (1971).
(*) The observed  DPOTO in  the base year c o n s is t s  o f  470, 488 p o s s ib le  combina­
t io n s  r e s u lt in g  from the product o f  the model in d ic e s .  The sum o f  the values 
o f  a l l  the combinations comes t o  ju s t  over 500,000 thus,showing that many 
o f  the p o s s ib le  combinations have a zero  va lue .
6START
STOP
Figure 2 -  Diagram o f  the c a l ib r a t i o n  procedure
72 .3 .  The r e s u lt s  o f  c a l ib r a t i o n
The ta b le  in  f i g .  3 summarizes the re s u lt s  o f  the experiments which were 
ca rr ied  out f o r  c a l ib r a t in g  TETA and CSI. The i n i t i a l  va lues o f  TETA and CSI in 
the f i r s t  experiment have been determined through a s e n s i t i v i t y  analysis  o f  the 
general model in  s t a t i c  regime ( c f . :  B er tu g lia ,  G a ll in o ,  Gualco, O c c e l l i ,  Rabi— 
no, Salomone, Tadei, 1982b).
At the beginning o f  each experiment (S tart )  we d e f in e :
a. the s ta r t in g  va lues  fo r  TETA and CSI ( f in a l  values o f  the previous e x p e r i ­
ment) ;
b . the maximum number o f  i t e r a t io n s  fo r  the Hyman procedure (CLHY) and Newton- 
Raphson method (CLNR) ( c f . :  f i g .  2 ) ;
c .  the convergence l im it  (TOL) f o r  the convergence te x ts  in CLHY and CLNR.
At the end o f  each experiment (End) we c a lc u la te :
d. the f i n a l  va lues o f  TETA and CSI ( i n i t i a l  values o f  the fo l lo w in g  e x p e r i ­
ments) ;
e. the i t e r a t i o n s  in  CLHY and CLNR at which the convergence i s  a tta ined ;
f .  the va lues  o f  the maximum l ik e l ih o o d  equations f o r  TETA (FTETA), e q .(6 ) ,a n d  
CSI (FCSI), eq . ( 7 ) ;
g .  an in d ic a to r  o f  the deviation between the pred ic ted  DPOTO (CAL) and observed 
DPOTO (OB) which i s  expressed by:
scarto = £ ( cal-  ob) 2/ n)7*





























o  o  bCO fO tH



































































































































































Tj< <Min »-4 Q O co co O1-4 tv. ^  O'*. . O O N O) •o  in h  n  i vo ^
St
ar
















































































9D iffe r e n t  experiments have been run within  a sequence o f  execution  based 
on the fo l lo w in g .
I f  an experiment with given s ta r t in g  d e f in i t i o n s ,  does not reach the conver 
gence the experiment i s  r e i t e r a te d  updating TETA and CSI (and eventually  changing 
CLHY and CLNR).
I f  the convergence i s  a tta in ed , but the values o f  FTETA and FCSI are not suf 
f i c i e n t l y  small a new experiment i s  de fin ed .
The best  va lues o f  TETA and CSI, were found a f t e r  e ight experiments. Each ex 
periment co n s is te d  o f  the number o f  runs given by product o f  the values o f  
CLHY and CLNR l i s t e d  in f i g .  3 (End).
As shown in  f i g .  3 ,  the adjustment process  o f  the TETA and CSI i s  pejr
formed mainly during the f i r s t  f i v e  experiments, while remaining su b sta n t ia l ly  un­
changed in  the fo l lo w in g  ones. However, only in  the eighth experiment, did both the 
FTETA and FCSI approximate the zero va lue.
Moreover i t  should be noted that the d i f fe r e n c e  between the pred icted  and 
observed DPOTO as d e fin ed  in  eq. (1 1 ) ,  in creases  in  a l l  the experiments (s ta r t  
ing , however,from a high i n i t i a l  v a lu e ) .
Fundamentally these re s u lt s  show that although from a s t r i c t l y  m ethodologi­
c a l  p o in t  o f  view (mimisation o f  FTETA and FCSI), the goodness o f  f i t  can be con 
s idered  s a t i s f a c t o r y , the increase  o f  the above d i f fe r e n c e  seems to a c e r ta in  ex 
tent to  b ia s  i t s  l e v e l  o f  accuracy.
For the b es t  va lues o f  the parameters a fu rth er  a n a ly s is  o f  the pred ic ted
10 -le s s  more %
O •  <10
O  •  10-20
O  $  21 -40
Figure 4 -  Percentage d i f f e r e n c e  between the pred ic ted  and the observed DP0T0 
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DPOTO was made, determ ining i t s  d is t r ib u t io n  according to  in d ices  i  ( r e s id e n t ia l  
zone) and s (housing type) and comparing i t  with the sim ilar  d is t r ib u t io n  o f  
the observed DPOTO.
It  emerged that the model (1) -  (5) tends to overestim ate the flow , f o r  
the inner zones o f  the study area -  The c i t y  o f  Turin -  (which are ch aracter ized  
by a higher value o f  a c c e s s i b i l i t y )  while underestimating those fo r  the outer zo 
n e s .
A rep re se n ta t io n  o f  the above re su lts  ( f o r  the t o t a l  flow s in i )  i s  shown 
in  f i g .  4 and f i g .  5 ,  f o r  the c i t y  o f  Turin and i t s  surrounding a rea ,resp ect ive ly .
3. Further developments o f  the r e s id e n t ia l  l o c a t io n  submodel and implementation
o f  i t s  c a l i b r a t i o n  procedure
3 .1 .  In trod u ct ion
Although, w ith in  the aims o f  th is  modeling experiment the resu lts ,descr ibed  
in  2 . 3 . ,  can not be considered  t o t a l l y  s a t i s f a c t o r y ,  they co n s t itu te ,  n o n eth e less , 
a stimulus t o  gain deeper in s igh t  in to  the th e o r e t i c a l  and methodological aspects  
o f  th is  r e s id e n t ia l  l o c a t io n  submodel and to  improve the c a l ib r a t io n  procedure.
To th is  end, in  the fo l lo w in g  se c t io n s  we put forward p o s s ib le  d i r e c t io n s  
f o r  development and d iscu ss  the re s u lt s  o f  in v e s t ig a t io n  o f  some o f  them.
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3 .2 .  T h eore t ica l  and m ethodolog ica l developments
Building upon the main r e s u lt s  o f  se c t io n  2 . 3 . ,  we argue that the fo l low in g  
developments in  the t h e o r e t i c a l  stru ctu re  o f  the r e s id e n t ia l  lo c a t io n  submodel 
can provide a sounder b a s is  f o r  modeling the r e s id e n t ia l  lo ca t io n  p r o c e s s , not least 
in improving the accuracy o f  the g o o d n e s s -o f - f i t .
a. Logarithmic form ulation  o f  r e s id e n t ia l  a c c e s s i b i l i t y  / f e q .  (1).7 (Leonardi, 
1979) ( in  order  to  le ssen  the impedance e f f e c t  o f  d istan ce  in the u t i l i t y  
fu n c t io n ) .  Equation (1) could then be res ta ted  as
i  - T F T A .T
A = i iT A  108 (E Q ' TPR0B ' e >• (12)
b. Analysis o f  the s tru ctu re  o f  the u t i l i t y  d i f f e r e n t i a l s  (U-U) , and consequein 
t ly  o f  the r o le  o f  CSI in  varying these d i f f e r e n t i a l s .
Some investigations  in  th is  d i r e c t io n  have already been ca rr ie d  out, i n t r o ­
ducing e u r is t i c a l ly  ( f o r  the TETA and CSI best  v a lu e ) ,  some bounds on the 
maximum and minimum va lues o f  the u t i l i t y  d i f f e r e n t i a l s .  This allowed fo r  
the decrease in the d i f fe r e n c e  between the pred ic ted  and observed DPOTO from 
7.144 to  6 .390 , the l a t t e r  remaining, however s t i l l  h igh.
c .  A lte rn a t iv e  form ulations of the utility fu n ct ion (u s in g  fo r  example, logarithm ic 
or Cobb-Douglas fu n ct ion s )  as w ell  as a deeper analysis  o f  the weighting 
fa c to r s  K,H,N in  the u t i l i t y  fu n ct ion  L e q . (2 ) J .
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3 .3 .  Implementation o f  the c a l ib r a t io n  procedure
At th is  stage o f  the submodel a p p l ic a t io n ,  the fo l low in g  m od ifica t ion s  and 
in te g ra t io n s  in  the c a l ib r a t i o n  operations can be u se fu l  to  improve both the e£ 
timates o f  the p re d ic te d  DPOTO and the o v e r a l l  e f f i c i e n c y  o f  the procedure i t ­
s e l f  .
a. E lim ination  o f  the Hyman procedure (ou ter  loop  in  f i g .  2 ) ,  using only the 
Newton-Raphson sequence f o r  the simultaneous computation o f  TETA and CSI 
as w e l l  as f o r  the updating o f  TETA in  the r e s id e n t ia l  a c c e s s i b i l i t y  fin 
c t io n .
b . D isaggregation  o f  the TETA and CSI parameters by fam ily  types (that is  
e ight TETA's and e igh t  C S I 's ) ,  as in  the o r ig in a l  vers ion  o f  the submodel 
(B e r tu g l ia ,  O c c e l l i ,  Rabino, Tadei, 1980).
c .  In trod u ct ion  in  the DPOTO d is t r ib u t io n  fu n ction  £  eq. (5 ) J  o f  c o r r e c t iv e  
fa c to r s  a sso c ia te d  w ith  d es t in a t ion s  ( r e s id e n t ia l  zone and housing t y p e ) . 
Some f i r s t  experiments have been performed, and these fa c to r s  (with s t a r t ­
ing unit va lu es)  have been ca lcu la te d  through a t r i a l  and error  i t e r a t iv e  
procedure.
Taking in to  account these fa c t o r s ,  the recomputation o f  the d i f f e r e n c e  
C eq. (11 ) J  showed a small decrease from 6.390 t o  6 .068.
In f a c t ,  these fa c to r s  can be given a more sound th e o r e t i c a l  in te rp r e ta t io n  
i f  they are con sidered :
c . a .  as a measure o f  the a t tra c t iv e n e ss  assoc iated  with each d e s t in a t io n  i , s .  In 
th is  case they should be e x p l i c i t l y  introduced in  eq. (5) and determined
15
through an appropriate  c a l ib r a t i o n  procedure;
c .b .  as w eighting fa c t o r s  a ssoc ia ted  with the u t i l i t y  d i f f e r e n t i a l s  thus p laying 
a tw ofold  r o le  (Anas, 1973):
1. modifying the entropy d i s t r ib u t io n  which otherwise would be continuous 
over a l l  the va lues  o f  the u t i l i t y  fu n ct ion ;
2. r e c t i f y i n g  some inconsistencies  which might a r ise  in the estimated values 
o f  the u t i l i t y  d i f f e r e n t i a l s .
3 .4 .  A ltern a tive  d i r e c t io n s  o f  development
We o u t l in e  in  f ig .  6 the general framework o f  the a lte r n a t iv e  d ire c t io n s  
which could  be in v e s t ig a te d  f o r  the fu ture  development o f  the re s id e n t ia l  l o c a ­














a. no developments * 1 X 2 -
b. logarithmic accessibility 
function x 3 X 4 x 5
c. analysis of the utility 
differentials X 6 X 7 X 8
d. alternative formulations of 
the utility functions x 9 X10 *11
Figure 6 -  Framework o f  the a l te r n a t iv e  d i r e c t io n s  o f  development /where X^_ 
( i = 1,11) represents the a lte r n a t iv e  which could  be in vest igated  /
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3 .5 .  Outcome o f  te s te d  a lte rn a tiv es
So fa r ,  a l te r n a t iv e  has been explored ( c f . : f i g . 6) . The procedure was s ta r t  
ed from the best  va lues  o f  the parameters TETA and CSI we found with the Hyman/ 
Newton-Raphson i t e r a t i o n s  ( c f . :  f i g .  3 ) .  (Each i t e r a t i o n  took 6.2 second o f  CPU 
t im e ) .
However, i t  q u ick ly  diverged to extreme values thus implying that these 
parameter values are not the best s ta r t in g  va lu es .
A system atic e x p lo ra t io n  o f  these s ta r t in g  values is  then necessary.
Of co u rse ,  the unique Newton-Raphson sequence migjit turn out to be less satisfacto 
ry than the combined Hyman/Newton-Raphson procedure. This i s  a po in t which 
should be assessed  and a ls o  requires  the in v e s t ig a t io n  o f  the th e o re t ica l  
a l te r n a t iv e s  p re v io u s ly  suggested, c f . :  f i g .  6.
4. Conclusions
This paper d ea lt  with the th e o r e t i c a l  and operation a l problems o f  c a l ib r a  
t in g  the r e s id e n t ia l  l o c a t io n  submodel which is  part o f  a comprehensive s im ula— 
t io n  model now being app lied  t o  the Turin m etropolitan  area.
Because o f  the interdependence between the u t i l i t y  fu n ct ion  and the r e s i  
a c c e s s i b i l i t y  the simultaneous c a l ib r a t io n  o f  the submodel parameters 
required a nested  i t e r a t i v e  procedure the outer loop o f  which-the Hyman procedu­
re -  embedded a Newton-Raphson scheme.
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Building upon the re s u lt s  o f  the c a l ib r a t io n  operations the th e o re t ica l  
and o p era t ion a l  developments f o r  th is  submodel were h ig h lig h ted .
F in a l ly ,  in d is cu ss in g  the f i r s t  outcomes o f  the tested  a lte rn a tiv e  there 
emerged a f e e l in g  that improvements o f  th is  submodel c a l ib r a t io n  w i l l  need an 
accurate matching between the th e o r e t ic a l  and op era t ion a l developments which 
cou ld  be c a r r ie d  out
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